and Schmiedeberg, namely, the synthesis of hippuric acid by the kidneys of different animals. I have been able to prove that the human kidney also can effect this synthesis, and also, that another substance with some resemblance to hippuric acid can be formed by the kidney. Further, I have also shown that this function, is not limited to synthesis, as the kidney may also bring about difficult oxidations. I shall not go into detail regarding the oxidation of complicated aromatic compounds by the kidney, because this is mainly of physiological interest, but I want to lay stress upon the fact that substances of great importance in clinical medicine disappear in the kidney, i.e., the ketone bodies, diacetic acid and /-hydroxybutyric acid. These poisons are formed by the liver but not destroyed, or scarcely at all, by this organ. On the contrary, the kidney is the organ in which the destruction of these obnoxious substances takes place. In the clinical application of those facts one must look, in cases of diabetic coma, to see whether the kidneys are in any way at fault.
Most patients with diabetic coma are cured by insulin, but there is also a group, fortunately much smaller, in which insulin is only partially effective. In practically all cases of coma, hyperglycewmia is present and the blood and urine contain large amounts of acids. If insulin is given, the blood-sugar returns to normal, and ketone bodies can no longer be discovered in the urine and the blood. While in nmost cases of coma consciousness is restored by this treatment, a certain number-of patients, even if hyperglycemia and ketosis disappear, remain drowsy. Of these patients a great proportion die in four or five days. It seems to me-that in these SEPT-M 1 cases the kidneys must play an important role. Clinical observation has always pointed to an influence of the kidneys on diabetic ketosis. We know first, that in diabetic acidosis and coma albuminuria is often found, and that frequently the amount of albumin is parallel with the degree of ketosis, increasing and disappearing with it. Secondly, it has been shown that a common signal symptom of diabetic coma, often indicating the approach of coma, is the presence in the urine of very peculiar casts, first described by Kulz. When ketosis is present and many cadts appear suddenly in the urine, diabetic coma is likely to develop in a short time. There is another symptom discovered only during the last few years, which also indicates impairment of the kidney duringcoma. In the blood-serum non-protein nitrogen is found in such amounts, that in some cases it is doubtful whether the diagnosis should be diabetic or ureemic coma. It has been said that abnormal nitrogen metabolism is the cause of this increase of non-protein nitrogen in diabetic coma, but Begg has shown that in these cases the urine contains only small amounts of nitrogen; evidently the high amount of non-protein nitrogen in the serum is an indication that the function of the kidney is impaired. At necropsy, after death from coma, the kidney is not found to be sclerotic; it is large and yellow, and has characteristic changes. The best-known change is the glycogen infiltration of the cells of the tubules, first described by Ehrlich, but there is other damage. Weigert has described not only the presence of this condition, but also coagulation necrosis of the cells of the tubules, and Armanni has described changes in the descending portion of the loop of Henle characteristic of "coma kidney." I wish to indicate the possibility that in these cases of diabetic coma not cured by insulin, although ketosis and hyperglyceemia disappear, death results from impairment of the renal function, caused by the injuiry which diabetes inflicts on the kidney. In the long run the fatty infiltration of all parenchymatous organs which occurs in diabetes injures renal function as well; this seems to me the reason why patients with diabetic coma aannot always be cured by insulin. If one remembers that the normal kidney can destroy the ketone bodies, it is possible that in a certain number of cases of diabetes, ketosis depends partially on the fact that the tissues indicated for destruction of ketone bodies cannot destroy them any more. I should like to make the following division of cases of diabetic coma: (1) those in which ketosis is brought about only by hyper-production of ketone bodies; even if destruction is completely normal, there may be such hyper-production that the whole organism is overwhelmed; if insulin is given in such cases, inhibition of production is effected and the patients recover from the coma; (2) those in which there is only slight hyper-production of ketone bodies, but the organs destroying the ketone bodies, for example the kidneys, are damaged. If insulin is given in those cases, of course the hyper-production of ketone bodies is inhibited and the ketone bodies disappear, but the organism remains intoxicated by other poisons connected with the insufficient function of the kidneys. The iniury to the kidneys causes death.
If one realizes that the kidneys have so great an influence on the destruction of ketone bodies, one is enabled perbaps to understand another thing which has always been difficult to grasp. Petr6n, of Lund, has shown that diabetes with ketosis can be treated effectively with high-fat diets. This is difficult to understand, since, as fat is the principal source of ketone bodies, one would suppose that patients with acidosis should avoid fat, and yet Petr6n gives his patients large quantities of it. Petr6n's diet, however, is not only characterized by large amounts of fat; there is also a moderate amount of carbohydrate, but (and I think this is the characteristic feature) extreme restriction of protein. If diabetes complicated by ketosis is treated with a large amount of fat, some carbohydrate, but hardly any protein, the patient does well as long as he remains in the hospital, but if he goes home there is a great chance of his returning to hospital within two or three weeks in a state of coma. The patient tries to keep up the diet at home, but usually the extreme restriction of protein is not continued. The patient increases the amount of protein, but leaves fat and carbohydrate unchanged and severe acidosis develops. One has to look for an explanation of this elective action of protein on the metabolism of acetone bodies. Is it not possible that this extreme restriction of protein relieves the kidney, since the most difficult function of the kidney is the excretion of nitrogen ? When larger amounts of protein are taken the function of the kidney is overtaxed and the destruction of ketone bodies is no longer possible. Therefore it is nitrogen excretion which affects the condition of the patient unfavourably, by the overwork this entails on the kidney. I hope, I have shown satisfactorily that the function of the kidney is not restricted to excretion. The kidney is able to synthesize and to oxidize, and for this reason has therefore an important influence upon intermediary metabolism.
I have endeavoured to apply these facts to the pathology of diabetic coma.
Discussion.-Dr. R. D. LAWRENCE said that what he had seen of the treatment of diabetic coma, especially in those cases in which insulin failed, led him to think that it was not so much the condition of the kidneys, but the degree of circulatory depression which was the essential point in determining recovery or death. True, in all the cases of coma that he had seen there had been protein and, usually, some casts in the urine, but the degree of this temporary kidney damage seemed to have little relation to the prospects of recovery, whereas he had never seen recovery in a case with a very feeble pulse and low blood-pressure. The anuric type with nitrogen retention was certainly very fatal, but here again the anuria seemed as likely to be due to low blood-pressure (which had been present in all those cases he had seen) as to serious kidney defect. Again, cases of diabetes complicated with chronic nephritis had not, in his practice, seemed specially liable to ketosis. Therefore his experience led him to think that Professor Snapper attached too nmuch importance to the role of the kidney in the production of severe ketosis and coma in diabetes.
Professor Snapper attributed the ketosis which usually occurred with Petren diets, when the protein was slightly increased, to an overstrain of the kidneys in dealing with a little more nitrogen, although the protein intake was still relatively low. He (the speaker) had had little experience of Petr(n diets, which he regarded as unpractical, though experimentally interesting. In only a few of the Petren cases could there have been defective kidneys, unable to excrete a little more nitrogen, and yet in most of them ketosis developed with a slight increase of protein, insufficient, it would seem, to overstrain them. Therefore he (the speaker) thought that in the intermediate metabolism of protein there must be some other more physiological explanation of the phenomenon than an overworked kidney.
He had been deeply stimulated by Professor Snapper's paper, and would be interested to have some quantitative data of the amount of ketones with which a healthy and diseased kidney respectively could deal, and the amount of ketones the kidney usually had to burn in different conditions of metabolism in normal subjects and in diabetics.
Dr. P. J. CAMMIDGE said his own observations and experiments had indicated that defects in the functions of the kidneys were more common in diabetics than was generally supposed, and than the presence of albuminuria indicated. He had long held the view that such defects were often an important contributory factor in the production of the coma met with in diabetes. The failure of insulin to control the condition in some instances, especially in old and chronic cases in which renal defects were most common in his experience, with the remarkably successful results obtained in others, more particularly in young diabetics in whom renal changes were comparatively rare, tended to support that view. Hitherto he had assumed that when insulin failed, the persistence of the symptoms was due to the effects of retained nitrogenous waste products, and there was experimental evidence that this might be the case. The suggestion made by Professor Snapper in his paper that the kidneys normally possessed the power of destroying ketone bodies offered another explanatioln which was worthy of serious consideration, but it seemed to him (Dr. Cammidge) that the evidence so far was inferential and not very conclusive; he would be glad to know whether there was any definite experimental proof that the kidneys really had such a striking and hitherto unrecognized function, Dr. F. PARKES WEBER said he understood that in cases of diabetic coma very low blood-pressure, when present, suggested an extremely bad prognosis. He wondered whether, in such cases, the use of methods for raising the blood-pressure (adrenalin, pituitrin), in addition to the administration of insulin, h*d-been known to prevent the usual fatal outcome.
Sir JOHN BROADBENT said that Professor Snapper had called attention to the importance of ketonaemia in diabetes as opposed to ketonuria. He (the speaker) concluded, from what Professor Snapper had said, that, as in chronic interstitial nephritis, estimation of the blood-urea was of paramount importance in prognosis, so also in diabetes was the estimation of the ketone bodies in the blood. He would like to know what degree of ketone retention Professor Snapper had found in the blood in cases of diabetic coma, ahd what was the normal amount, if any, in the blood of a healthy subject. He would also ask what part the ammonia played in the elimination of ketone bodies. Was its function mainly to neutralize the fatty acids, and so aid in their elimination, and was deficient ammonia production of the kidney a contributory factor in the setiology of coma?
He had seen albuminuria associated with glycosuria in Jews, and it did not appear to be a serious complication. Marked degenerative changes in the kidneys, however, were found, post mnortem, in long-standing cases of diabetes. In view of the important functions of ammonia production and oxidation by the kidneys, described by Professor Snapper, it seemed clear that retention of ketone bodies, due to diseased kidneys, determined the onset of coma in such cases, and administration of insulin could not avert the fatal issue.
